Porous biochars obtained from coniferous woods, and magnetic biochars based on them, which showed high sorption properties when extracting Cr(III) from aqueous solutions (from 0.005 to 0.0125 mol/L), were studied. e adsorption properties of the magnetic biochar are compared with the initial biochar. It has been established that the preparation of materials by the method of pyrolysis and subsequent treatment in a plasma reactor makes it possible to bring the samples under study into a number of promising adsorbents for the extraction of chromium from aqueous solutions.
Introduction
Chromium and its compounds are widely used in various industries. is is based on its valuable properties such as heat resistance, hardness, and corrosion resistance. As an alloying additive, chromium is used for smelting various grades of steel and alloys, which are used in the engineering, aviation, and space industries. Chromium oxides are the raw material for the preparation of polishing pastes and paints for glass and ceramics and are part of chromium-containing catalysts. Chromium salts are used in the production of anticorrosive pigments and electroplating [1] [2] [3] [4] . All these technological processes lead to the formation of a large amount of concentrated wastewater. Chromium(III) compounds, especially chromium(VI), are toxic to humans and animals [5] .
ere are many effective technologies for the treatment of chromium-containing wastewater such as chemical precipitation, electrochemical, and membrane [6] [7] [8] . However, there are no universal methods for removing chromium from wastewater.
e chromium content in various wastewater varies in the range from 5-10 to 3000-5000 mg/l. Large volumes of solutions, a large variety of related impurities, and high content of chromium make it difficult to process them to extract chromium. e application of sorption technologies is promising. In recent years, research in the field of adsorption technologies has shown interesting results for the treatment of concentrated wastewater from the industry. Today, adsorbents have been synthesized to remove heavy metal cations, including highly dangerous inorganic and organic substances [6, [9] [10] [11] .
e advantages of adsorption technologies are simple hardware design, high degree of purification, and simple methods of regeneration of used adsorbents. Widely used adsorbents based on activated carbons, zeolites, silica gel, and active metal oxides have a high cost. Currently, many researchers are developing technologies for obtaining new cheap adsorbents or chemosorbents, which are not inferior in efficiency to industrial analogs [12] [13] [14] [15] [16] .
ere are a number of works [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] related to the study of the possibility of using wastes as adsorbents. Plant waste as adsorbents is an attractive option because of their low cost and large quantities. However, these types of adsorbents have common drawback. ey are difficult to separate from the solution, which increases operating costs. Magnetic materials can be used to solve this problem. Magnetic composite adsorbents can combine the rapid and efficient separation of suspensions with high adsorption activity [28, 29] .
In this paper, we propose obtaining a composite magnetic biochars based on biochar of coniferous trees, studying its properties, checking its adsorption abilities, and comparative analysis of its adsorption properties with precursors (magnetite and biochar).
Materials and Methods
e biochar of coniferous species of wood, the composite magnetic adsorbent based on biochar of coniferous species, was used as adsorbents.
Pyrolysis of the biomass was carried out in an electric shaft-type laboratory furnace. A sample of biomass was loaded into a cylindrical retort, which was placed in an oven. After that, the furnace was heated to a predetermined temperature. e biomass was processed at a temperature of 700°C.
e pyrolysis time was determined by the final processing temperature of the biomass. e residue obtained after pyrolysis was dry extinguished until completely cooled.
For the synthesis of magnetic sorbents, FeSO 4 ·7H 2 O and NaOH (analytical grade) were used. Magnetite was obtained by chemical precipitation from an aqueous solution of ferrous sulphate with sodium hydroxide with subsequent treatment in a plasma reactor [30] . e resulting suspension was separated on a magnetic filter and dried at a temperature of 150°C for 2 hours. e composite adsorbent was prepared similarly, but magnetite was deposited on the surface of the biochar.
X-ray phase analysis of the samples was carried out on a DRON-2 diffractometer (DRON-2.0, Co-Kα-radiation). e mode of operation of the X-ray source is 40 kV, 30 mA. e range of scan angles is 2θ from 10 to 90°. e morphology of the surface of the sorbent is determined using a JSM-6390LV scanning electron microscope (JEOL, Japan).
Fourier-transform infrared spectroscopy (FT-IR) was also used to analyze adsorbents before and after adsorption of Cr(III). Spectra were obtained in the range from 400 to 4000 cm −1 using a Fourier-transform infrared spectra spectrometer (FT-IR, Nicolet 6700, ermo Fisher Scientific, USA).
In order to study transformations, thermal differential analysis and differential thermogravimetric (DTG) analysis are used. DG curves and TG curves were recorded on derivatograph Q-1500D (F. Paulik, J. Paulik, and L. Erdey). Temperature was varied in a range of 20-850°C at a heating rate of 10 deg/min. α-Al 2 O 3 was used as a reference. Mass of each sample was 200 mg.
e biochars were subjected to XRD analyses with diffractometer DRON-2 with Co α -radiation to obtain the structural properties.
e sorption properties of the samples were calculated by determining the degree of sorption of chromium(III) cations of different initial concentrations (0.0125, 0.01, and 0.005 mol/L). e amount of adsorbent in model solutions also varied from 0.5-1.5 g/10 ml. e contact time was 300 s.
e chromium concentration was determined spectrophotometrically using a UV 5800 PC spectrometer. e degree of sorption was calculated by reducing the concentration of chromium cations in an aqueous solution according to the following formula:
where C 0 is the initial concentration of chromium(III) in solution (mg/L) and C t is the concentration of chromium(III) in the solution at the moment of time t (mg/L). e equilibrium sorption capacity q e (mg/g) was calculated by the following equation:
where C 0 is the initial concentration of chromium(III) in solution (mgl/L), C e is the equilibrium concentration (mgl/ L), V is the volume of solution (ml), and m is the mass of the adsorbent (g). e study consisted in performing several series of experiments with biochar based on coniferous breeds of BC wood and magnetic biochar BM.
In some cases, the properties of BC after adsorption of cations Cr(III) were studied.
Results and Discussion

X-Ray Diffraction Analysis.
At the first stage, the phase composition of the biochar was investigated. As can be seen from X-ray diffractograms (Figure 1 ), this is an amorphous substance consisting of silicates of magnesium, calcium carbonate, and silicon oxide. It can be assumed that it is the amorphous structure and the complex chemical composition that provide a high adsorption capacity. Biochars before and after adsorption of cations Cr(III) have similar diffractograms. However, some small differences were noted among the samples. In sample 2 (Figure 1(b) ), additional peaks appear, corresponding to chromium sulphate, and the intensity of all base peaks is almost two times lower than that of the original sample. Small unexpressed peaks indicate the presence of inorganic components such as SiO 2 , CaCO 3 , and K 2 MgSiO 4 .
On X-ray diffraction patterns of MB, a pronounced crystal structure of magnetite is visible, and an amorphous phase is present. All peaks have a higher intensity than BC. . A broad peak at 1500-1630 cm −1 is associated with the presence of lignin.
FT-IR
e bands responsible for stretching the O-H and C�O groups disappear after sorption of Cr(III). erefore, it can be stated that, first of all, carboxyl and hydroxyl groups are involved in the sorption of cations. It can be seen from Figure 2 (b) that the position of the -OH groups peak varies from 3148 cm −1 to 3384 cm −1 after the sorption process. is observation may indicate a complex biochar structure with phenol groups on the surface during sorption. In addition, peaks appear in the range of 1225-980 cm −1 , corresponding to the S�O and S-O shaft group at 870-690 cm −1 . e FT-IR spectra of MB (Figure 2(c) ) have many peaks in the shortwave region corresponding to the Fe-O bonds.
e presence of intense peaks of the corresponding -OH groups (3700-3250 cm −1 ) is observed.
ermogravimetric Analysis.
e results of thermogravimetric analysis are shown in Figure 3 . All three derivatograms have a similar appearance. Adsorbents have a high mass loss for biochars, and the percentage of mass loss is 31.6, for the spent adsorbent 34.8 and for magnetic biochar 40.1. From the DTG curves, it can be seen that the maximum rate of mass loss is observed at a temperature of 100-175°C, which is associated with the release of bound water. ere is a slight exoeffect associated with the decomposition of cellulose at a temperature of about 380°C for biochar. Wide peaks from 450 to 500°C are associated with decomposition of residual and refractory lignin. In the high-temperature region, additional peaks appear, corresponding to the removal of sul groups.
Scanning Electron Microscopy (SEM).
e study of the surface structure of BC and MB showed ( Figure 4 ) the presence on the surface of large deep pores. e developed microstructure was observed in all adsorbents. e formation of large pores is associated with the presence in conifers of a large amount of resinous substances, hemicellulose, cellulose, and lignin, which, at a high temperature of pyrolysis, partially ferment, which contributes to the formation of stable large pores. Such a structure provides high 4 Advances in Materials Science and Engineering adsorption properties of BC. is is confirmed by microphotographs of biochar after adsorption. Its structure without pronounced pores is apparently due to their filling with chromium cations. Magnetic biochar shows a well-developed porosity and uniform distribution of pores along its surface.
e formation of nanodispersed oxide phases on the surface of cavities and pores leads to an increase in the specific surface and the creation of new spaces. Increasing the number of pores provides a large surface area and high adsorption capacity. Figure 5 shows the magnetization curves for magnetic biochars and magnetite, recorded at room temperature. e magnetic biochar produced by the plasma method showed ferromagnetic properties, which are characterized by a coercive force of 51 Oe and a saturation magnetization of 20 Emu/g (for magnetite, H c � 5 Oe, M � 82 Emu/g).
Magnetic Properties.
Sorption Experiment.
e dose of the adsorbent is an important factor that should be considered for the effective removal of Cr(III) cations, since it determines the equilibrium in the system [4] . e results of the adsorption experiments are shown in Figures 6-8 for degree adsorption (%) and sorption capacity (mg/g). e amount of adsorption decreases with increasing dose of the adsorbent. On the other hand, the percentage of adsorption increases first with an increase in the amount of the adsorbent and reaches saturation.
e initial increase in the percentage of adsorption can be explained by an increase in the surface area of the biochar and the presence of a larger number of active 
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adsorption sites. A decrease in the intensity of adsorption can be associated with the achievement of limiting adsorption and an increase in the value in the denominator (formula (1)), as a result of which the overall result decreases.
In accordance with the results of further periodic experiments on adsorption, an adsorbent dose of 0.5 g was chosen for Cr(III) with a contact time of 300 seconds. Taking into account the value of q e , the capacity of the magnetic biochar is 150 mg/g. e maximum percentage removal was about 99% that reached a maximum with 1.0 and 1.5 g of the adsorbent for both CB and MB (Figure 8 ).
Possible reactions can take place with different cations: 
For the magnetic biochar, the degree of purification reaches 98-100%. e degree of purification from chromium cations decreases with an increase in the concentration of the initial chromium solution from 0.005 mol/L to 0.0125 mol/L. e magnetic biochar is of greater capacity than magnetite and biochar.
Conclusions
A new magnetic biochar was successfully synthesized using a coniferous biochar using plasma processing.
e results showed the high efficiency of the magnetic adsorbent combining the high adsorption capacity of the initial biochar with magnetite magnetic properties. e prepared magnetic biochar showed a wide network of pores due to the dispersed magnetite on the surface. e magnetic biochar showed high magnetic characteristics of coercivity 50 Oe and saturation magnetization 40 Emu/g. e Cr(III) removal ability varies from 32 ± 0.5 mg/g of the biochar to 140 ± 0.5 mg/g for the magnesium biochar at an initial range of concentrations of Cr(III) of 0.0125, 0.01, and 0.005 mol/L. As can be seen from their IR spectra, functional OH groups on the surface of the biochar promote adsorption.
e mechanism of adsorption of Cr(III) by a biochar mainly includes the chemisorption process and cations attached to the biochain matrix. It can be also explained with the significant adsorption capacity of a magnetic biochar that combines a developed and hydrated surface.
Data Availability
For commentary, FT-IR spectra used a literary source, which is available at http://www.fulviofrisone.com/attachments/ article/406/Infrared%20and%20Raman%20Spectroscopy% 20-%20Methods%20and%20Applications.pdf.
is preliminary study is cited in the appropriate place in the text as a reference [31] .
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